Background. Prolactin performs as a neuroendocrine modulator of skin epithelial cell proliferation and the skin immune system. Objective. The aim was to assess the serum prolactin levels in patients with atopic dermatitis and the relationship with disease severity. Methods. The study was performed on 46 patients with atopic dermatitis and 100 healthy controls aged between 0.5 years and 19.5 years. The diagnosis of atopic dermatitis was based on clinical findings and the severity of the disease was documented. Venous blood sampling was performed in order to measure prolactin levels. Results. Prolactin levels in atopic dermatitis were not different from controls and there was no relationship between the severity of atopic dermatitis and serum prolactin levels. Prolactin may not have a role in the pathogenesis of atopic dermatitis. Further studies with larger sample sizes and measurement of prolactin levels in the skin may help to understand the role of prolactin in the pathogenesis of atopic dermatitis.
INTRODUCTION
Atopic dermatitis (AD) is a chronically r e l a p s i n g i n f l a m m a t o r y s k i n d i s e a s e associated with complex interactions among susceptibility genes, the host's environment, defects in skin barrier function and systemic and local immunologic responses. The disease is characterized by eczematous skin lesions a n d i n t e n s e p r u r i t u s t h a t o f t e n o c c u r i n early childhood but can also start or persist in adulthood. 1 Scoring systems have been developed for use in trials. 2 P r o l a c t i n ( P R L ) i s a p o l y p e p t i d i c neuropeptide produced by lactotroph cells in the anterior pituitary gland and is well known for its lactogenic and mammotrophic effects. It has been hypothesized that forming a 'prolactincircuit' between the central nervous system and the skin, prolactin performs as a neuroendocrine modulator of skin epithelial cell proliferation and of the skin immune system. 3 PRL plays an important role in the immune reactions and exerts a proliferative effect on human keratinocytes by binding specific sites. 4 Previous studies have assessed the association of PRL levels with psoriasis as a hyperproliferative cutaneous disease of multifactorial etiology; however, the results seem contradictory. [5] [6] [7] Epidermal hyperproliferation that is observed in both psoriasis and atopic dermatitis and its underlying mechanisms are not completely understood by now. PRL levels in children with AD. In the present study, we measured serum PRL levels in patients with AD and studied the correlation between clinical disease activity and PRL.
MATERIALS AND METHODS

Patient selection
This prospective analytic case-control study was conducted at the Aksaray Training and Research Hospital, between March 2014 and January 2015. The study protocol was approved by the local ethics committee, written informed consent was obtained from each patient and their parents. We studied 46 atopic patients in exacerbation periods and 100 sex and age matched patients who were admitted to the Dermatology and Pediatrics Outpatient Clinics other than atopic dermatitis at the same time interval. The study group was selected from the patients that would have already given routine blood tests. Exclusion criterias were defined as refusal to participate in the study, having medical conditions or using drugs which could alter the levels of prolactin such as thyroid disorders, renal and/or hepatic failure, having pregnancy and other autoimmune or inflammatory disorders that could coexist with atopic dermatitis. The diagnosis of atopic dermatitis was based on clinical findings and history of the disease. All the patients and the parents filled out the questionnaire which included their demographic data and medical history (age, sex, duration of the disease, number of relapses). Severity of disease was documented by using the SCORing Atopic Dermatitis (SCORAD) index which is the best validated scoring system in AD. In SCORAD index, to measure the extent of AD, the rule of nines is applied on a front/back drawing of the patient's inflammatory lesions. The extent can be graded from 0 to 100. The intensity part of the SCORAD consists of 6 items: erythema, edema/papulation, excoriations, lichenification, oozing/crusts and dryness. Each item can be graded on a scale from 0 to 3. The subjective items include daily pruritus and sleeplessness. The SCORAD Index formula is: A/5 + 7B/2 + C. In this formula A is defined as the extent (0-100), B is defined as the intensity (0-18) and C is defined as the subjective symptoms (0-20). 2 Clinical information, diagnosis and SCORAD assessment were conducted by a consulted dermatologist.
Biochemical measurement
The venous blood samples were taken in the morning hours, between 08:00 and 09:00 am from each patient (atopics who were in exacerbation periods and the controls) at one time. Serum prolactin levels were measured with chemiluminescence (Abbott, USA) method. Normal values were 5.30-63.3 ng/mL for 2-12 months old; 4.40-29.7 ng/mL for 2-3 years old; 2.63-21 ng/mL 4-11 years old; 2.84-24 ng/mL for 14-18 years old males and 2.52-16.9 ng/mL for 14-18 years old females. Normal values for older than 18 years old were 2.5-18 ng/mL for men and 1.2-30 ng/mL for women.
Statistical analysis
All data were analyzed by SPSS software 20.0 version using Mann-Whitney U-test and Spearman correlation analysis for statistical evaluation. A p value ≤0.05 was considered significant.
RESULTS
This study included 46 patients with atopic dermatitis of whom 30 were males and 16 females, aged 0.5 to 19.5 years (mean, 5.95 ± 4.71 years) and 100 controls, of whom 60 were males and 40 females, aged 0.16 to 16 years (mean, 6.46 ± 4.27 years).
The median duration of atopic dermatitis was 1 year (range: 0.08-16.25 years) and the median of the relapses was 2 per year (range: 1-24). The median value of SCORAD was 31 (9-64) ( Table 1) . N e i t h e r p a t i e n t s n o r t h e c o n t r o l s h a d hyperprolactinemia. Median (range) serum prolactin concentration was 10.54 ng/ml (3.92-30.24) for atopic dermatitis patients and 11.47 (3.13-48.84) for controls; p: 0.267. No significant difference was found in prolactin levels in both groups (p > 0.05).
No significant correlation was found between prolactin levels and sex, duration, number of relapses and scores of atopic dermatitis (p > 0.05, Spearman correlation analysis).
DISCUSSION
In our study, serum levels of prolactin in patients with atopic dermatitis were not higher than non-atopic individuals. Besides, there was no correlation between disease severity and serum levels of PRL. There are few reports about serum levels of PRL in atopic dermatitis. Similar to our study, Handjani et al. reported no significant difference in the serum prolactin levels between patients with psoriasis and atopic dermatitis and the control group. 9 In the study of Kasperska-Zajac et al., serum concentration of prolactin was measured in 13 female patients with severe intensity of atopic eczema/dermatitis syndrome and compared next with 14 healthy subjects. The study failed to detect any significant differences in serum basal concentration of prolactin among patients and the healthy subjects as our results. 10 Giasuddin et al. measured serum PRL levels in 12 patients with psoriasis vulgaris, and found that they were significantly higher than those of 9 patients with atopic dermatitis and 20 controls whereas there was no significant difference between atopic patients and controls. 7 Girolomoni et al., showed that PRL at physiological concentrations has an ability to stimulate and maintain proliferation of keratinocytes which may be relevant in hyperproliferation conditions of the epidermis such as psoriasis and atopic dermatitis. 4 Epidermal hyperproliferation is an important clinical observation in atopic dermatitis and apart from the involvement in the immunological response, keratinocytes contribute to the pathology of atopic dermatitis by a change in their growth characteristics. 8 Jensen et al. reported that the epidermal proliferation is 5-fold increased in lesional skin of atopic dermatitis patients compared with healthy individuals.
11
There are some reports about PRL levels in psoriasis where hyperproliferation of keratinocytes is the hallmark of the disease similar to atopic dermatitis. 7 PRL levels have been reported to be higher in psoriasis patients in some studies 6, 7 , while some other studies claimed no significant difference. 5, 12 The mechanisms underlying the keratinocyte h y p e r p r o l i f e r a t i o n w h i c h i s o b s e r v e d i n inflammatory skin diseases such as atopic dermatitis and psoriasis are not fully understood yet, although especially growth factors and cytokines, such as TNF-α, IFN-γ and IL-1 are involved in the growth of keratinocytes. 13 According to the studies, PRL is involved in the psoriasis etiopathogenesis. 12, 14 Whereas, PRL may not have a role in the etiopathogenesis of atopic dermatitis. The epidermal hyperplasia in atopic dermatitis and psoriasis might be triggered by different mechanisms. For example, IL-21 and IL-23 were shown to induce epidermal hyperplasia only in psoriasis. 13 Histamine can increase the proliferation of human keratinocytes from atopic dermatitis patients differently from psoriasis. 8 In a study by El-Khateeb et al., PRL levels were found significantly higher in lesional skin than in non-lesional psoriasis skin and serum. Authors reported that the significant increase in prolactin level in lesional skin compared with serum in psoriasis had addressed assumption of a local increase in prolactin production in lesional skin in psoriasis. 15 The lack of difference in PRL levels in our and previous studies, might be due to the local production of PRL in atopic lesions similar to psoriasis. One limitation to our study was that levels of prolactin were measured only once and only in exacerbation periods. Patients with atopic dermatitis frequently admit to the outpatient clinic when they are not in remission period. Another limitation was the smaller sample size comparing non-atopic individuals. The small sample size may be another factor for lack of difference in PRL levels.
As a conclusion, our results do not support the increased secretion of prolactin in AD and the relationship between the immune-inflammatory processes associated with AD. However, future studies with larger sample sizes might measure PRL levels in the skin and determine possible association with disease severity. n
